###### Key messages

What is already known on this subject?
======================================

-   Soluble urokinase plasminogen activator receptor (suPAR) is an unspecific inflammatory biomarker.

-   Elevated suPAR levels are associated with presence and progression of disease and increased risk of mortality.

-   It remains unknown if the prognostic information conveyed by high suPAR is already obvious from other prognostic indicators and whether suPAR can identify patients at low risk of these outcomes.

What might this study add?
==========================

-   This retrospective cohort study shows that soluble urokinase plasminogen activator receptor predicts risk of readmission and mortality in unselected acute medical patients after adjustment for known risk factors.

Introduction {#s1}
============

In Denmark, the average admission time and number of beds in medical wards have decreased in recent years, and more patients are treated on an outpatient basis. From 2006 to 2013, the average admission time decreased from 4.2 to 3.2 days, while the annual number of outpatients increased by 18%.[@R1] The development in the Organization for Economic Cooperation and Development countries shows the same trend, although less dramatic; the average admission length decreased from 7.9 days in 2006 to 7.4 days in 2012, while the number of outpatient visits grew by 14%.[@R2]

There are substantial benefits of shorter admissions, including fewer hospital-acquired infections,[@R3] reduced immobilisation[@R4] and lower cost. However, the resulting high patient turnover requires a high degree of certainty in diagnoses and risk assessment to reduce the risk of insufficient treatment or care. Patients at risk of getting insufficient treatment include the frail and the elderly, patients with multiple comorbidities and patients with poor communication skills, since their diagnoses and risk may be more unclear. The number of elderly, frail, multimorbid patients is increasing rapidly, challenging our standardised, fast-track approach to medical treatment.[@R5] At the same time, some patients admitted to the hospital could instead be treated in the primary sector.

One way to improve the resource allocation is to rapidly and correctly assess the patient\'s prognosis. Soluble urokinase plasminogen activator receptor (suPAR) is an inflammatory biomarker that can be easily measured in plasma or serum. Several studies of both patients and healthy persons have shown that suPAR is an unspecific risk marker in a very broad sense, that is, both for future development of disease, presence and severity of current disease and risk of death.[@R6] However, it is currently unknown if the prognostic information conveyed by high suPAR is already obvious from other prognostic indicators. Also, it is currently unknown if suPAR is effective at identifying low-risk patients. suPAR was recently implemented as a standard biomarker measured on all acutely admitted medical patients at our hospital.

We aimed to evaluate the prognostic strength of suPAR and investigate if suPAR adds information on patient risk to well-established prognostic indicators as sex, age, diagnoses and comorbidities. Our secondary objective was to define high-risk and low-risk groups based on suPAR levels as a basis for clinical guidelines.

Methods {#s2}
=======

Study design and setting {#s2a}
------------------------

The study was a registry-based retrospective cohort study conducted in the Acute Medical Unit (AMU) at Copenhagen University Hospital Hvidovre, Capital Region, Denmark. The AMU receives medical patients within all specialties, except children, gastroenterological patients and obstetric patients. All patients admitted to the AMU between 18 November 2013 and 31 March 2014 were included in the study.

In the AMU, all patients have a blood sample drawn upon admission, which is analysed for a set of standard biomarkers, including electrolytes, blood counts, liver function, kidney function and markers of infection and inflammation (see online [supplementary table](#SM1){ref-type="supplementary-material"} S1). suPAR was added to this standard admission blood test panel on 18 November 2013 and is now routinely measured in all patients upon admission to the AMU.
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For each patient, we identified the index admission, defined as the first admission at which suPAR was measured. Follow-up was 90 days. There was a total of 2338 readmissions recorded for this patient cohort during follow-up. Of these, 284 were elective readmissions and were excluded from the dataset. Readmissions were thus defined as any acute, non-elective admission during follow-up.

Data {#s2b}
----

Data on plasma suPAR levels and the standard blood tests were extracted from the records of the Department of Clinical Biochemistry. All residents in Denmark are registered in the Danish Civil Registration System with a unique personal identification number,[@R11] which also identifies the person in other national registries. From the Civil Registration System, we extracted data on sex, date of birth and vital status during follow-up. The Danish National Patient Registry (NPR) contains information on all hospital admissions,[@R12] and we extracted data on dates of admission and discharge, as well as all diagnoses registered with the International Classification of Diseases, 10th edition (ICD-10)-system, including primary cause of admission and comorbid conditions. Admission to the intensive care unit (ICU) was registered in a local hospital registry. Thus, data on suPAR levels from the index admission were linked with data on biochemistry, diagnoses, admissions, readmissions and mortality as well as information on admission to the ICU.

Outcomes and covariates {#s2c}
-----------------------

The primary outcomes investigated were time to readmission or death within 90 days after admission, and the risk of readmission and death at 30 and 90 days after admission. Secondary outcomes were admission time, admission to ICU and suPAR\'s association with comorbidities. Covariates comprised sex, age, Charlson score and C reactive protein (CRP).

Measurement of biomarkers {#s2d}
-------------------------

Blood samples were analysed at the Department of Clinical Biochemistry. Plasma suPAR levels were determined in singlets using the suPARnostic AUTO Flex ELISA kit on an automated Siemens BEP2000 platform according to the manufacturer\'s instructions (ViroGates A/S, Birkerød, Denmark). The fresh plasma samples were analysed in batches once daily during weekdays (within 0--72 hours after blood sampling). Actual analysis time was approximately 2.5 hours, and the assay had a precision (coefficient of variation) of 5.1% at 2 ng/mL and 1.7% at 7 ng/mL. The study was conducted in a trial period where no clinical guidelines or reference interval for suPAR were available, and because of the batch analysis of suPAR, the results were not available to the physicians in due time for clinical decisions. CRP was measured using a COBAS 6000 analyser (Roche Diagnostics, Mannheim, Germany), and analysis time was approximately 10 min.

Charlson score {#s2e}
--------------

The Charlson score was calculated for each patient based on the patient\'s comorbid conditions using a SAS macro (developed by Ken Turner and Charles Burchill) as previously described.[@R7] Briefly, the score is calculated using a weighted scoring system where severe and multiple comorbidities increase the cumulative score.[@R13] Input were all primary and secondary diagnoses registered in the NPR upon discharge from the index admission.

The 17 original Charlson groups were collapsed into 10 groups as previously described.[@R7]

Statistical analysis {#s2f}
--------------------

The following transformations were applied to the data in order to simplify the interpretation and translatability of the results. To visualise the relationship between suPAR and outcomes, age-specific (\<50, 50--70 and \>70 years) and sex-specific suPAR quartiles were generated for the survival analyses (see online [supplementary table](#SM1){ref-type="supplementary-material"} S2). This was done to avoid crowding of patients with high mortality in the upper suPAR quartiles, that is, elderly male patients. As the suPAR results were available with only one decimal and thus contained ties, the groups defined by the suPAR quartiles were not equally sized. Adjusted Cox regression analyses were performed separately for each age-specific and sex-specific suPAR quartile to control for confounding. Finally, to make the results generally translatable to other settings, unadjusted mortality rates were calculated for 3 ng/mL suPAR intervals based on 30-day mortality, and adjusted Cox regression was performed on log2-transformed data, as this proved to be a good and parsimonious fit to the data.

Continuous data are presented as medians with IQR. The association between suPAR and categorical variables was analysed with the Kruskal-Wallis test. The association between suPAR and CRP was analysed by linear regression analysis.

To investigate the association between suPAR and comorbidities, median suPAR was calculated for the collapsed Charlson comorbidity groups and compared with median suPAR for patients without comorbidities (Charlson score of 0).

Cumulative incidence plots were made for readmission for age-specific and sex-specific suPAR quartiles, using death before readmission as a competing end point.

We used Cox regression analysis to estimate the adjusted effect of age-specific and sex-specific suPAR quartiles and continuous log2-transformed suPAR values on readmission and mortality, using time to readmission and time to death as outcomes, respectively. Adjustments were made for age, sex, Charlson score and CRP. Results are presented as HRs with 95% CIs and p values.

To assess the discriminative ability of suPAR with regards to mortality, we used the area under the curve (AUC) for receiver operating characteristics (ROC) curves. A cut-off value was determined using Youden\'s index[@R14] and AUCs for different ROC curves were compared with the DeLong test.[@R15]

Survival for age-specific and sex-specific suPAR quartiles are presented in a Kaplan-Meier plot. Log-rank test was used to compare readmission or survival across suPAR quartiles in cumulative incidence and Kaplan-Meier plots.

SAS Enterprise Guide 5.1 (SAS Institute) and R 3.0.3 (The R Foundation for Statistical Computing) were used for statistical analysis. R 3.0.3 was used to create the figures. A p value \<0.05 was considered to be statistically significant.

Results {#s3}
=======

Study population {#s3a}
----------------

Patients were included from the AMU, Copenhagen University Hospital Hvidovre, between 18 November 2013 and 31 March 2014. During the inclusion period, 4713 patients were admitted to the AMU. A total of 370 (7.9%) patients were excluded due to missing suPAR analysis results (4.2%), suPAR below the dynamic assay range (0.2%) or if data on the index admission could not be identified in national (2.5%) or local registries (1.0%) (see online [supplementary figure](#SM2){ref-type="supplementary-material"} S1). The final study population comprised 4343 patients (92.1%) (see online [supplementary figure](#SM2){ref-type="supplementary-material"} S1). At the index admission, the median age was 63.3 years (min 11.4, max 102.7). 10.1136/emermed-2015-205444.supp2Supplementary figureStudy flow chart of patient inclusion from the Acute Medical Unit. suPAR, soluble urokinase plasminogen activator receptor.

suPAR is associated with admission time, admission to ICU and comorbidities {#s3b}
---------------------------------------------------------------------------

suPAR was slightly higher in women compared with men and increased with age ([table 1](#EMERMED2015205444TB1){ref-type="table"}). suPAR measured at admission was positively associated with factors describing a complicated hospital stay, including longer admission time and admission to the ICU ([table 1](#EMERMED2015205444TB1){ref-type="table"}). Almost 30% of the patients had a Charlson score above 0, and suPAR measured at admission was positively associated with the Charlson score ([table 1](#EMERMED2015205444TB1){ref-type="table"}). All comorbidity groups had higher suPAR levels compared with patients without comorbidities ([table 2](#EMERMED2015205444TB2){ref-type="table"}).

###### 

Median suPAR level (ng/mL) stratified according to demographics, disease severity and outcomes

  Variable                    n (%)         Median   IQR         p Value
  --------------------------- ------------- -------- ----------- ----------
  All                         4343 (100)    3.2      2.3--4.7    
  Sex                                                            
   Male                       2075 (47.8)   3.1      2.2--4.7    
   Female                     2268 (52.2)   3.2      2.3--4.7    0.006
  Age (years)                                                    
   \<50                       1339 (30.8)   2.3      1.8--3.0    
   50--70                     1313 (30.2)   3.0      2.3--4.2    
   \>70                       1691 (38.9)   4.4      3.2--6.1    \<0.0001
  Admission time                                                 
   0 days                     2218 (51.1)   2.6      1.9--3.6    
   1 day                      565 (13.0)    3.2      2.3--4.5    
   2--4 days                  596 (13.7)    3.7      2.7--5.3    
   5--7 days                  371 (8.5)     4.4      3.3--6.5    
   8--9 days                  131 (3.0)     5.0      3.4--7.3    
   10 days or more            462 (10.6)    5.1      3.6--7.5    \<0.0001
  Admitted to ICU                                                
   No                         4255 (98.0)   3.2      2.2--4.6    
   Yes                        88 (2.0)      5.6      3.0--7.9    \<0.0001
  Charlson score\*                                               
   0                          3177 (73.2)   2.9      2.1--4.2    
   1                          827 (19.0)    3.7      2.7--5.4    
   2                          227 (5.2)     5.0      3.8--7.2    
   3                          65 (1.5)      6.1      4.6--8.6    
   4+                         47 (1.1)      7.2      4.8--10.9   \<0.0001
  Readmitted within 30 days                                      
   No, alive                  3370 (77.6)   3.0      2.2--4.2    
   No, dead                   191 (4.4)     6.9      4.8--9.8    
   1 readmission              619 (14.3)    3.8      2.7--5.5    
   2+ readmissions            163 (3.8)     4.1      2.9--6.0    \<0.0001
  Readmitted within 90 days                                      
   No, alive                  2893 (66.6)   2.9      2.1--4.1    
   No, dead                   237 (5.5)     6.8      4.8--9.5    
   1 readmission              741 (17.1)    3.5      2.6--5.1    
   2+ readmissions            472 (10.9)    4.0      2.8--5.7    \<0.0001
  Died within 30 days                                            
   No                         4119 (94.8)   3.1      2.2--4.5    
   Yes                        224 (5.2)     6.8      4.7--9.9    \<0.0001
  Died within 90 days                                            
   No                         3957 (91.1)   3.0      2.2--4.3    
   Yes                        386 (8.9)     6.4      4.5--9.1    \<0.0001

\*Patients with a Charlson score of 4 or higher were pooled into one group.

ICU, intensive care unit; suPAR, soluble urokinase plasminogen activator receptor.

###### 

Median suPAR level (ng/mL) for various comorbidities

                              All           Survived\*        Died\*                                                                     
  --------------------------- ------------- ----------------- ---------- ------------- ----------------- ----------- ------------------- ----------
  Charlson score 0            3177 (73.2)   2.9 (2.1--4.2)               3079 (96.9)   2.9 (2.1--4.1)    98 (3.1)    6.7 (4.6--9.4)      \<0.0001
  Cancer                      109 (2.5)     5.2 (4.0--8.3)    \<0.0001   74 (67.9)     5.0 (3.9--6.7)    35 (32.1)   7.4 (4.6--12.1)     0.003
  COPD                        471 (10.8)    3.7 (2.8--5.4)    \<0.0001   433 (91.9)    3.6 (2.7--5.1)    38 (8.1)    6.3 (3.8--9.5)      \<0.0001
  CVD                         342 (7.9)     4.3 (3.0--5.9)    \<0.0001   303 (88.6)    4.2 (2.8--5.5)    39 (11.4)   6.4 (3.8--8.7)      \<0.0001
  Dementia                    45 (1.0)      4.5 (3.5--5.5)    \<0.0001   35 (77.8)     4.5 (3.3--5.5)    10 (22.2)   4.9 (4.1--8.4)      0.08
  Diabetes                    285 (6.6)     4.3 (3.0--6.6)    \<0.0001   266 (93.3)    4.2 (2.9--6.5)    19 (6.7)    6.7 (5.6--9.0)      0.0003
  HIV/AIDS                    2 (0.05)      8.2 (5.4--10.9)   --         2 (100.0)     8.2 (5.4--10.9)   0 (0)       --                  --
  Liver disease               40 (0.9)      7.7 (5.6--11.5)   \<0.0001   34 (85.0)     7.3 (5.2--11.1)   6 (15.0)    8.9 (7.4--18.7)     0.16
  Paraplegia and hemiplegia   8 (0.2)       4.9 (3.4--6.6)    0.01       7 (87.5)      4.8 (2.9--6.2)    1 (12.5)    7.0 (7.0--7.0)      0.12
  Peptic ulcer disease        19 (0.4)      4.7 (3.6--8.2)    \<0.0001   15 (79.0)     4.6 (3.6--6.5)    4 (21.1)    10.7 (5.4--17.4)    0.18
  Renal disease               42 (1.0)      9.3 (6.4--12.3)   \<0.0001   36 (85.7)     8.0 (6.0--11.0)   6 (14.3)    17.3 (13.7--19.7)   0.002
  Rheumatic disease           12 (0.3)      6.4 (5.7--9.4)    \<0.0001   12 (100.0)    6.4 (5.7--9.4)    0 (0)       --                  --

\*Data on survival and death within 30 days follow-up.

†The 17 original Charlson groups were collapsed into 10 groups, generating the following groups cardiovascular disease (Charlson groups 1--4), liver disease (Charlson groups 9 and 15), diabetes (Charlson groups 10 and 11) and cancer (Charlson groups 14 and 16). The Charlson groups 5 (dementia), 6 (chronic pulmonary disease), 7 (rheumatic disease), 8 (peptic ulcer disease), 12 (paraplegia and hemiplegia), 13 (renal disease) and 17 (HIV/AIDS) remained the same. It should be noted that a patient can be in more than one comorbidity group.

‡Percentage of total cohort.

§Compared with patients with Charlson score 0.

¶Percentage of comorbidity group.

\*\*Compared with survivors in same comorbidity group.

CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease; suPAR, soluble urokinase plasminogen activator receptor.

High suPAR is associated with readmission {#s3c}
-----------------------------------------

During the 30 or 90 days follow-up, 782 (18.0%) and 1213 (27.9%) patients were readmitted, respectively. suPAR measured at admission was significantly higher in patients who were readmitted compared with patients who were not readmitted and survived during the same period ([table 1](#EMERMED2015205444TB1){ref-type="table"}). suPAR levels also increased with the number of readmissions ([table 1](#EMERMED2015205444TB1){ref-type="table"}).

The cumulative incidence rate of readmission increased with increasing suPAR quartiles (p\<0.0001), even though more patients also died without readmission in the higher suPAR quartiles ([figure 1](#EMERMED2015205444F1){ref-type="fig"}).

![Cumulative incidence of readmission with death without readmission as a competing risk in age-specific and sex-specific soluble urokinase plasminogen activator receptor (suPAR) quartiles within 90 days. The top curves illustrate survival in non-readmitted patients (log-rank test p\<0.0001), and the bottom curves illustrate cumulative incidence of readmission (log-rank test p\<0.0001).](emermed-2015-205444f01){#EMERMED2015205444F1}

High suPAR is associated with mortality {#s3d}
---------------------------------------

Patients who died during 30 or 90 days follow-up had significantly higher suPAR at admission compared with patients who survived ([table 1](#EMERMED2015205444TB1){ref-type="table"}), and the mortality rate increased with suPAR quartiles ([figure 2](#EMERMED2015205444F2){ref-type="fig"}), with the lowest mortality in the first suPAR quartile and the highest mortality in the fourth suPAR quartile (p\<0.0001).

![Kaplan--Meier plot of 90-day survival for age-specific and sex-specific soluble urokinase plasminogen activator receptor (suPAR) quartiles. Log-rank test p\<0.0001.](emermed-2015-205444f02){#EMERMED2015205444F2}

In ROC curve analyses, suPAR had an AUC of 0.84 (95% CI 0.81 to 0.86) for predicting 30-day mortality, which was significantly higher than age and sex combined (AUC 0.79, 95% CI 0.76 to 0.81, p = 0.002). A suPAR cut-off at 4.5 ng/mL had sensitivity and specificity of 78.1% and 74.8%, respectively. A combined model with age, sex and suPAR yielded an AUC of 0.86 (95% CI 0.84 to 0.88) for predicting 30-day mortality, and this was significantly different from the AUCs for age and sex (p\<0.0001) or suPAR (p = 0.003). Unadjusted mortality rates for 30 and 90 days follow-up are presented in [table 3](#EMERMED2015205444TB3){ref-type="table"} stratified in 3 ng/mL suPAR intervals in patients below or above 70 years of age. In patients younger than 70 years, the 30-day mortality was 13-fold higher in patients with suPAR \>9 ng/mL compared with the entire group, and in patients older than 70 years, 30-day mortality was 3-fold higher in patients with suPAR \>9 ng/mL compared with the entire group.

###### 

Mortality risk according to 3 ng/mL suPAR intervals in patients aged ≤70 years or \>70 years

               30 days        90 days                                  
  ------------ -------------- ------------ -------------- ------------ --------------
  ≤70 years                                                            
   All         100.0 (2652)   1.5 (41)     1.1 to 2.0     2.9 (77)     2.2 to 3.6
   0--3        64.3 (1705)    0.3 (5)      0.1 to 0.7     0.8 (14)     0.5 to 1.4
   3--6        28.1 (744)     1.6 (12)     0.8 to 2.8     3.6 (27)     2.4 to 5.2
   6--9        4.8 (127)      7.1 (9)      3.3 to 13.0    11.8 (15)    6.8 to 18.7
   \>9         2.9 (76)       19.7 (15)    11.5 to 30.5   27.6 (21)    18.0 to 39.1
  \>70 years                                                           
   All         100.0 (1691)   10.8 (183)   9.3 to 12.3    18.3 (309)   16.4 to 20.1
   0--3        20.0 (339)     2.7 (9)      1.2 to 5.0     3.5 (12)     1.8 to 6.1
   3--6        54.0 (913)     7.1 (65)     5.5 to 9.0     13.7 (125)   11.5 to 16.1
   6--9        17.3 (293)     19.8 (58)    15.4 to 24.8   32.8 (96)    27.4 to 38.5
   \>9         8.6 (146)      34.9 (51)    27.2 to 43.3   52.1 (76)    43.6 to 60.4

\*CIs were calculated using the Wald method.

suPAR, soluble urokinase plasminogen activator receptor.

Across all comorbidity groups, median suPAR was higher in patients who died compared with patients who survived ([table 2](#EMERMED2015205444TB2){ref-type="table"}).

suPAR is independently associated with readmission and death {#s3e}
------------------------------------------------------------

In univariate analysis, the HR for readmission and mortality increased with higher suPAR quartiles ([table 4](#EMERMED2015205444TB4){ref-type="table"}). In the multiple analysis, adjusted for age, sex and Charlson score, the HR for readmission and mortality remained higher in the highest suPAR quartile compared with the lowest, also when CRP was included in the adjusted analysis ([table 4](#EMERMED2015205444TB4){ref-type="table"}).

###### 

HRs in age-specific and sex-specific suPAR quartiles

                              Univariate             Adjusted for age, sex and Charlson   Adjusted for age, sex, Charlson and CRP                                      
  --------------------------- ---------------------- ------------------------------------ ----------------------------------------- ------------ --------------------- ------------
  Readmitted within 30 days                                                                                                                                            
   1. quartile                1                      \<0.0001\*                           1                                         \<0.0001\*   1                     \<0.0001\*
   2. quartile                1.40 (1.12 to 1.74)    0.003                                1.36 (1.09 to 1.69)                       0.007        1.39 (1.11 to 1.73)   0.004
   3. quartile                1.64 (1.33 to 2.03)    \<0.0001                             1.52 (1.22 to 1.88)                       0.0001       1.56 (1.25 to 1.94)   \<0.0001
   4. quartile                2.22 (1.81 to 2.73)    \<0.0001                             2.02 (1.64 to 2.49)                       \<0.0001     2.11 (1.70 to 2.62)   \<0.0001
  Readmitted within 90 days                                                                                                                                            
   1. quartile                1                      \<0.0001\*                           1                                         \<0.0001\*                         \<0.0001\*
   2. quartile                1.23 (1.04 to 1.46)    0.02                                 1.20 (1.01 to 1.42)                       0.04         1.22 (1.03 to 1.45)   0.02
   3. quartile                1.49 (1.27 to 1.76)    \<0.0001                             1.39 (1.18 to 1.65)                       \<0.0001     1.43 (1.21 to 1.70)   \<0.0001
   4. quartile                1.92 (1.63 to 2.25)    \<0.0001                             1.78 (1.51 to 2.10)                       \<0.0001     1.87 (1.58 to 2.21)   \<0.0001
  Died within 30 days                                                                                                                                                  
   1. quartile                1                      \<0.0001\*                           1                                         \<0.0001\*   1                     \<0.0001\*
   2. quartile                1.52 (0.83 to 2.79)    0.17                                 1.33 (0.73 to 2.44)                       0.35         1.20 (0.65 to 2.21)   0.57
   3. quartile                2.80 (1.62 to 4.83)    0.0002                               1.92 (1.11 to 3.32)                       0.02         1.60 (0.92 to 2.79)   0.10
   4. quartile                8.85 (5.41 to 14.47)   \<0.0001                             6.06 (3.69 to 9.95)                       \<0.0001     4.11 (2.46 to 6.85)   \< 0.0001
  Died within 90 days                                                                                                                                                  
   1. quartile                1                      \<0.0001\*                           1                                         \<0.0001\*   1                     \<0.0001\*
   2. quartile                1.54 (0.98 to 2.40)    0.06                                 1.35 (0.86 to 2.11)                       0.19         1.27 (0.81 to 1.99)   0.30
   3. quartile                3.00 (2.01 to 4.47)    \<0.0001                             2.10 (1.41 to 3.14)                       0.0003       1.88 (1.25 to 2.82)   0.002
   4. quartile                8.13 (5.64 to 11.72)   \<0.0001                             5.83 (4.03 to 8.43)                       \<0.0001     4.54 (3.11 to 6.63)   \<0.0001

\*Degrees of freedom=3.

CRP, C reactive protein; suPAR, soluble urokinase plasminogen activator receptor.

When adjusted for age, sex and Charlson score, the log-transformed suPAR values gave a HR for 30-day mortality for doubling the suPAR values of 3.07 (95% CI 2.60 to 3.64, p\<0.0001). When CRP was included in the adjusted analysis, the HR for 30-day mortality for doubling suPAR values was 2.53 (95% CI 2.10 to 3.04, p\<0.0001). All estimates in the full model are summarised in online [supplementary table](#SM1){ref-type="supplementary-material"} S3.

Relationship between suPAR and CRP {#s3f}
----------------------------------

Even though there was a positive correlation between the inflammatory markers suPAR and CRP (n=4267, Kendall\'s tau-b 0.36, p\<0.0001), 8.4% of the patients had high suPAR (\>4.5 ng/mL) but low CRP levels (\<10 mg/l). In patients with low CRP (n=2500), suPAR remained predictive of 30-day readmission (HR 1.42 per log2 increase in suPAR, 95% CI 1.20 to 1.67, p\<0.0001) and 90-day mortality (HR 1.63 per log2 increase in suPAR, 95% CI 1.15 to 2.30, p 0.006) after adjustment for age, sex, Charlson score and CRP.

Discussion {#s4}
==========

In this retrospective cohort study, we investigated the newly introduced inflammatory biomarker suPAR in 4343 consecutively admitted, unselected acute medical patients from the AMU at Copenhagen University Hospital Hvidovre. We found that suPAR was strongly associated with readmissions and all-cause mortality. We observed an association between suPAR levels and admission to the ICU. Furthermore, our findings confirmed that suPAR increased with age, admission time and number and severity of comorbidities (Charlson score).

To our knowledge, this study is the largest study of suPAR in an unselected cohort of acute medical patients. Our results support previous findings from acute care; results from a smaller cohort at the same AMU showed the same associations between suPAR and mortality, admission time and Charlson score.[@R7] Another study, carried out in an Austrian acute care setting, investigated patients suspected for blood infections and found a similar strong prognostic value of suPAR with regard to all-cause mortality.[@R16] The present study differs from previous studies by including all acute medical patients regardless of diagnosis and time of day or weekday, thus preventing selection bias.

As follow-up data were extracted from national registries, there was no loss to follow-up. We clearly show that elevated suPAR levels are associated with high risk of short-term mortality, and furthermore, we found a strong association between suPAR and non-elective readmissions, both within 30 and 90 days, and suPAR increased with the number of readmissions. Two Danish studies have shown conflicting results with regard to suPAR and readmission. In our previous study from the AMU, there was no association between suPAR and readmissions, possibly as a result of the smaller sample size or the inclusion process, where there was a potential selection bias towards exclusion of very old or ill patients.[@R7] Another recent study including 1036 acutely admitted patients reported a significant relation between suPAR and readmission with an approximately twofold HR in the highest suPAR tertile compared with the lowest suPAR tertile.[@R17] Non-elective readmissions constitute an increasing problem of multifactorial origin. Readmissions may occur if patients are discharged from the hospital prematurely or discharged to inappropriate settings, or do not receive adequate information or resources to ensure continued improvement. In addition, lack of coordinated care and communication between hospital-based and community-based providers may also lead to unplanned readmissions. A marker of readmission might aid in the identification of patients in need of additional clinical attention to finalise treatment before discharge or to initiate a cross-sectorial intervention, in order to prevent future readmissions. However, to properly assess whether suPAR could be a useful measure of readmission in the clinic, the suPAR measurement should have been carried out at discharge rather than at admission, as the patient status may have changed during the admission. Thus, the association we found between high suPAR and readmission at the time of admission may not be clinically applicable per se, but support that suPAR is a surrogate marker of disease severity or additional underlying disease and could raise awareness of morbidity other than the acute illness already from the point of admission.

The challenge for the clinical implementation of suPAR is the unspecific nature of this prognostic marker, which makes it difficult to define one single intervention or action to apply to patients with a high suPAR in an unselected patient population. However, considering the high risk connected with increased suPAR levels, clinical reconsideration is advised when encountering a patient with an unexplained high suPAR, in which case an individual intervention should be scheduled based on symptoms and objective findings for the particular clinical issue, for example, referral to a specialist, follow-up consultation at general practitioner, positron emission tomography scan or other diagnostic procedures. On the other hand, a low suPAR might promote faster discharge. In this way, the mere information of patient prognosis, provided by suPAR, may influence clinical decisions and thereby possibly have impact on outcome. However, it should be emphasised that currently there are no data to support that knowledge of the prognosis of a particular patient can actually lead to a favourable change in outcome. Some studies show how various treatments lowers the suPAR level along with a clinical improvement in the particular condition, for example, cervical cancer, leukaemia or malaria, but do not investigate whether this is also associated with an improved prognosis.[@R18] Whether or not knowledge of suPAR at time of admission to the ED can impact on outcome is currently being investigated in a randomised intervention study at two large hospitals in the capital region of Denmark (ClinicalTrials.gov number, NCT02643459).

The Charlson score is an example of a strong prognostic tool, which accurately predicts a patient\'s risk of mortality.[@R21] Median suPAR levels were increased across all comorbidity groups compared with patients who had not been diagnosed with any predefined chronic comorbid condition, and suPAR increased with increasing Charlson score, indicating that suPAR is indeed a marker of disease severity. In support of this, increased suPAR predicts new-onset cardiovascular complications in patients with other chronic diseases.[@R22] [@R23] Even within individual comorbidity groups, survivors had lower suPAR than non-survivors. This ability of suPAR to further stratify the Charlson score with regards to mortality underlines the strength of suPAR as a prognostic tool.

Similarly, when we adjusted for another prognostic biomarker, CRP, suPAR remained independently associated with outcome, even in the group of patients with low CRP. Although suPAR and CRP are both inflammatory biomarkers, they have been suggested to reflect different aspects of inflammation with suPAR representing inflammation at the cellular level and CRP representing inflammation at the metabolic level.[@R24] [@R25] The combined information of suPAR and CRP significantly increases the Framingham Risk Score\'s ability to predict cardiovascular disease and mortality in the general population.[@R26]

The suPAR levels were particularly high in patients with liver or kidney disease. Although the number of patients in these two groups was low, the results are supported by other studies of patients with chronic liver or kidney disease.[@R23] [@R27] Aside from indicating a high risk of readmission or death independent of the diagnosis, suPAR also reflects the total comorbidity burden. Thus, if a patient assumed to have a low disease burden presents with high suPAR levels, it should bring attention to possibly unidentified diseases, such as liver or kidney disease, in addition to immediate acute diagnoses.

The trend towards fewer hospital beds, shorter admissions and more elderly and chronically ill patients in addition to financial constraints on the healthcare sector, results in more fast-track patient courses and shorter time for clinical investigation and diagnostics. An objective marker of disease presence and severity may aid the clinician in evaluating whether a patient is severely ill or not. This may also be of interest for the general practitioner or in the prehospital setting.

An efficient admission process is crucial to quickly identify high-risk patients who need urgent clinical attention and also to identify low-risk patients who may be discharged and thereby avoid unnecessary and potentially harmful in-hospital stays. Furthermore, a Danish study recently demonstrated how high bed occupancy rates were associated with increased inpatient and 30-day mortality.[@R28] Improved risk assessment may help identify patients suitable for outpatient treatment and thus decrease bed occupancy. Our study shows that a low suPAR can identify patients with an even lower mortality than the average, who may be suitable for treatment outside the hospitals. While using the adjusted Cox regression analyses may be the most accurate way to use suPAR for prognostication, the unadjusted mortality risks with 95% CI in [table 3](#EMERMED2015205444TB3){ref-type="table"} presents a simple way in which a patient\'s risk can be estimated and added to the overall clinical assessment.

Our results indicate that suPAR adds significant prognostic information to other well-established prognostic measures and indicators, including age, sex, Charlson score and CRP, but whether it is superior to the prognostic assessment made by the medical staff remains unknown. We assume that suPAR could be a valuable addition to the existing prognostic tools and indicators as this biomarker imposes a very simple way to give a prognostic risk estimate. Thus, it could perform as an 'attention biomarker', which mostly provides supporting information to the clinical assessments made by the staff, but sometimes presents unexpected high or low values for a given patient, prompting changes in the clinical investigation or treatment.

Limitations {#s4a}
-----------

A limitation to the study is the lack of data on smoking, as suPAR is confounded by smoking.[@R29] Furthermore, the NPR is based on the registration of ICD-10 diagnoses at the end of an admission. The credibility of the registry has been validated, and the positive predictive value of the coding of Charlson comorbidities was found to be very high;[@R30] however, registration may be inadequate and underlying diagnoses might not be completely registered on every admission. Diagnoses that results in economic reimbursement for the admitting departments may also become more consistently registered. The suPAR results were not available to the doctors in the AMU as the suPAR test was run in batches only once daily. However, suPAR may have been available in the electronic blood sample database to the doctors at the specialised departments, and we cannot exclude that it can have influenced clinical decisions here. As previously mentioned, another limitation to the study is the lack of suPAR measurements at time of discharge. This would be necessary to properly assess if suPAR could be used in the clinic as a marker of readmission.

Conclusion {#s5}
==========

In conclusion, a high suPAR level at admission to the AMU is a marker of severe disease and associated with increased risk of readmission and mortality. Plasma suPAR levels may therefore provide benefit for evaluation of medical patients admitted to the AMU to determine the requirement for a more extensive clinical assessment and more intensive monitoring and care.
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